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in Our Future
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HUMANKIND HAS A complicated rela-
tionship with robots. On one hand, we
appreciate how they can do dangerous,
repetitive work so we don’t have to.
Robots don’t need vacations or med-
ical insurance. And in areas such as
agriculture, where farmers can’t find
enough people to pick the produce,
robots can shoulder (do they have
shoulders?) some of those tasks. But
polls show that the growing robotiza-
tion of the planet makes us feel deeply
uncomfortable—and threatened.

Pew Research Center surveys after
2017 found that more than 80 percent of
Americans believed that by 2050, robots
would do much of the work humans
now do—and about 75 percent believed
that would make economic inequality
worse. Across lines of race, age, and
education, people who said automation
has hurt workers outpaced those who
said it’s helped workers by two to one.

Of course, these surveys were taken
before COVID-19, when replacing
people with robots began to look like
a highly practical answer to social dis-
tancing, no masks required.

For this month’s cover story, we sent
David Berreby around the world to look
at the present and future state of robots
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in society. He found a growing reliance
on these intelligent devices.

“Robots now deliver food in Milton
Keynes, England, tote supplies in a Dal-
las hospital, disinfect patients’ rooms
in China and Europe, and wander
parks in Singapore, nagging pedestri-
ans to maintain social distance,” Ber-
reby writes. He found robots digging
holes to install wind turbines in Colo-
rado, cutting lettuce in California, and
even reciting religious texts in Japan.

“It’s an inevitable fact that we are
going to have machines, artificial crea-
tures, that will be a part of our daily life,”
Carnegie Mellon University Al roboticist
Manuela Veloso told Berreby. “When
you start accepting robots around you,
like a third species, along with pets and
humans, you want to relate to them.”

A third species? That’s a new idea
indeed. But we're not there yet. So far,
Berreby reports, robots can’t equal the
human mind’s ability to do a lot of dif-
ferent tasks, especially unexpected
ones, and robots haven’t yet mastered
common sense—all skills required to
be a magazine editor.

But give it a few years. Until then, let
me personally thank you for reading
National Geographic. O

On this humanlike robotic
hand, created at a Berlin
university, the fingers are like
“smart” air balloons. Inflated
to precise specifications, the
fingers can close around an
object with a grip that's both
dexterous and delicate. In
the future, robots with such
hands may handle merchan-
dise in a warehouse or serve
as fist-bumping greeters at
amusement parks.
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PLAGES

PHOTO ILLUSTRATIONS BY
REUBEN WU

Reuben Wu created this image by
using lights mounted on drones to
dramatically illuminate the Pastoruri
Glacier in Cordillera Blanca, Peru.

LOOKING
AT THE
EARTH
FROM
EVERY
POSSIBL
ANGLE
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Wu programmed lit
drones to circle above
Utah's.Yant Flat sand-
stone formations, then
combined several long
exposuresinto this
composite image.
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[lluminating the

Moel Tryfan quarry in
North Wales required
a methodical sort of
painting with drone
light, to emphasize the
rock faces’ contours.
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THE BACKSTORY

PUTTING ARTIFICIAL LIGHT IN A NATURAL ENVIRONMENT
ADDS AN ILLUMINATING KIND OF AWE.

THE IMPRESSIVE LANDSCAPES on Earth
can take a person’s breath away. But
for Reuben Wu, that wasn’t enough.
Wu—a photographer, visual artist, and
music producer—felt that the planet’s
majestic mountains, glaciers, and
beaches were missing something.

Specifically, unnatural lighting.

The idea was born from a mistake.
One night near Death Valley, California,
Wu set a camera to make a time-lapse
series in the dark. A pickup truck drove
by and washed out the scene with
its harsh headlights.

At first, says Wu, “I was really an-
noyed. But when Ilooked at the images,
I was fascinated. Here was artificial
lighting in a natural environment.”

The juxtaposition launched his
desire to try adding light to other
scenes where it didn’t belong: on
lakes, in canyons, on tall rock pillars in

the desert. He flew drones carrying
lights in front of cameras, taking long
exposures—as long as 30 seconds.
Then he layered the images into com-
posites and, in some images, retouched
the final version to remove the drone
but leave the light it cast.

What emerged were incongruous,
otherworldly landscapes, each a visual
puzzle daring the observer to figure out
how such a scene came to be.

Wu photographs mostly in the
United States, where he lives. But in
the spirit of exploration, he says, any
landscape on Earth is a candidate for
such a portrait—any scene, anywhere,
that can be captured in a way it doesn’t
usually appear.

Wu intends for the series to con-
found: Is it nature? Is it art? Disori-
entation, he says, opens the mind to
another way of seeing. —~DANIEL STONE

Wau cast a different sort of light on rock formations near Arbol de Piedra, Eduardo Avaroa Andean
Fauna National Reserve of Sur Lipez Province, Bolivia.
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The Cost of
Harming Nature

THE PANDEMIC PROVES IT: BY DAMAGING THE PLANET, WE HAVE
SAPPED NATURE’S POWER TO PROTECT US FROM DISEASES.

BY ENRIC SALA

SINCE MY cHILDHooD by the Mediterranean Sea, I've
been enchanted by the diversity of life on our planet
and eager to learn all I could about it. I've spent much
of my career studying the ocean food web, where in
the course of natural events the smallest of the small
are consumed by larger and larger predators, often
ending in us. But scientists know there is more to
the story, and I've been humbled to see life on our
planet brought to a standstill by a tiny virus.

From a Wuhan, China, “wet market” where freshly
butchered meat and live wild animals are sold for food
and medicine, the virus likely was transmitted in
late 2019 via wildlife to humans. And in a matter of
months, COVID-19 has felled hundreds of thousands
of Homo sapiens, Earth’s preeminent predator.

Writing about this for my new book, I was deeply
saddened: The virus has struck people I knew, in
Europe and around the world. But this pandemic
is a powerful argument for something I believe

SEPTEMBER 2020 15
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Conservation
1S not just
a luxury
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In ancient times smaller human groups and restricted
mobility probably kept diseases local. But over the
course of history, humanity has made it very easy for
viruses to become evolutionarily successful. We gather
in great densities in urban areas and move around the
globe like no other species ever has before. We've
turned wild habitats into cities, farmland, and shop-
ping malls, crowding in on the species with which we
share this planet. We've created the perfect conditions
for a modern plague.

COVID-19 is yet another reminder that conservation
is not just a luxury for rich countries or a romantic ideal.
Our very survival depends on our being better members
of the biosphere, our larger community. —Es




A wave breaks over the reef
crest at Kingman Reef, part of
the U.S. Pacific Remote Islands
Marine National Monument.
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unequivocally: that biodiversity is necessary for
human health, and ultimately, human survival.

PEOPLE HAVE BEEN ACQUIRING harmful viruses and
bacteria from contact with animals in the wild for
millennia. As humans relentlessly encroach upon
wild habitats and compete with animals for water,
food, and territory, there’s bound to be more physical
contact, yielding more conflict—and more contagion.

A 2020 study explored the link between the abun-
dance of species that carry such zoonotic viruses and
the likelihood of spillover to humans. Researchers
combed the scientific literature, obtained data on 142
zoonotic viruses, and found that rodents, primates,
and bats carried more of these viruses than other
species. The researchers also found that the risk
of virus transmission to humans was highest from
animals that are more abundant, because they have
adapted to human-dominated environments.

What about risks from the creatures in the ocean,
which is more than 70 percent of the planet? Does our
exploitation of ocean life also threaten human health?
I discovered the answer during our exploration of
some of the most remote islands in the central Pacific.

In 2005 I organized my first research expedition to
Kingman Reef and neighboring islands. Kingman is
the northernmost of the Line Islands, 11 coral islands
and atolls that stretch 1,460 miles across the Equator,
1,070 miles southwest of Honolulu. Visiting four of
the islands north of the Equator provided the perfect
natural experiment to compare different levels of
human impact on coral reefs.

Kingman was uninhabited. The next island to the
south, Palmyra, had 20 people manning a research
station and wildlife refuge. Farther south were Teraina
(with 900 people at the time), Tabuaeran (2,500 peo-
ple), and Kiritimati (5,100 people), which are part of
the Republic of Kiribati. These four islands were close
enough to share oceanographic and climate condi-
tions, flora, and fauna. The variable that changed
across the islands was the number of humans present.

Our team of scientists set out to assess the diversity
and abundance of everything—viruses, bacteria, algae,
invertebrates, and fish—and to measure how the coral
reef ecosystem changes along a gradient of human
disturbance. In five weeks of dives, we counted and
estimated the abundance and biomass of everything
we could. What we found was clear: When people,
even just a few hundred, start fishing, they trim the
food web from the top. And as their number increases
from none tojust a few thousand, the coral reef shifts
from one with lots of sharks and corals to one without
sharks but with lots of small fish and seaweed.

We made another discovery that I had not expected
about the smallest creatures on the reef, though.

I WILL NEVER REGRET inviting my dear friend Forest
Rohwer to join the expedition. Forest is a brilliant
viral ecologist at San Diego State University and
among the first to use genomic technology to study

SEPTEMBER 2020 17
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THE BIG IDEA

viruses and bacteria in the ocean. That year in the
Line Islands, Forest and his small team collected
water samples to measure microbe abundance rela-
tive to human presence. They found 10 times as much
bacteria in the water in Kiritimati than in Kingman.

Not only did the microbial numbers increase with
greater numbers of people; what the bacteria did also
changed dramatically. At Kingman we found crystal
clear waters, where half the microbes were very
small bacteria like Prochlorococcus, which simply
photosynthesize for a living. By contrast, at Kiritimati
we found murky waters where about a third of the
bacteria were pathogens, including several types of
Staphylococcus, Vibrio, and Escherichia.

Especially worrying was Vibrio, which can cause
diseases in corals, contributing to the shift from
coral-dominated to seaweed-dominated reefs, which
in turn enhance microbial blooms. Vibrio can also
cause fatal diseases in humans, such as cholera, gas-
troenteritis, wound infections, and septicemia. Forest
calls this ecosystem shift—from mature, stable, and
full of large animals to immature and dominated by
small creatures—the “microbialization” of coral reefs.

In April and May 2009 we conducted the first
National Geographic Pristine Seas expedition to five
of the Line Islands south of the Equator, all uninhab-
ited. There we found what we had found at Kingman:
clean water and extremely high fish biomass, includ-
ing many sharks, and a reef dominated by living
coral. In the lagoon of Millennium Atoll, we marveled
at the abundance of giant clams—something we had
also observed in the lagoon at Kingman.

Giant clams filter water through their bodies and
capture microorganisms from it for food, and we won-
dered how much they helped to keep the water that
clean. Forest collected water from the lagoon and filled
experimental aquariums on board our ship: some
with a living giant clam in them, some with an empty
clamshell, and some with nothing but water. Then he
measured the abundance of bacteria and viruses over
time. The results were astonishing. The giant clams
removed most bacteria and viruses from the seawater
within 12 hours, while the water in the other aquari-
ums became turbid and loaded with microbes. Forest
then added Vibrio to each aquarium, from a culture
he had brought with him on the expedition. (Who else
travels with Vibrio?) As expected, the giant clams in
the experimental aquariums significantly reduced
Vibrio, which thrived in the control aquariums.

The essential wild

IF WE DEGRADE HABITATS,
ANIMALS BECOME STRESSED
AND SHED MORE VIRUSES. ON
THE OTHER HAND, HABITATS
WITH DIVERSE SPECIES
HARBOR LESS DISEASE.

It's another way nature controls viruses—filtering
them out of the system—that we’re only now recog-
nizing. Giant clams have been harvested for meat and
shells from most reefs in the Pacific and are almost
gone in many places. People have unknowingly
been removing natural filters—the N95 masks of the
lagoon—that were protecting them against disease.

WE ARE ALL IN THIs together, all species on the planet.
So what can we do? While the world has stepped up
to help those in need during the COVID-19 outbreaks,
we might also start thinking about how to prevent
the next zoonotic pandemic.

We have seen, again and again, that even though
we don’t know what most of them do, all wild animals
have important jobs that keep our biosphere running,
If we've learned anything from our study of natural
ecosystems as it applies to these recent diseases, it’s
that instead of exterminating wild animals to stop the
passage of disease to people, we should do the oppo-
site: We should safeguard the natural ecosystems
that are their homes and, if needed, help set them
back on their path to maturity through rewilding.

If we degrade habitats, animals become stressed
and shed more viruses. On the other hand, habitats
with diverse microbial, plant, and animal species har-
bor less disease. Biodiversity dilutes any viruses that
emerge and provides a natural shield that absorbs
the fallout from pathogens.

Clamping down on the illegal trade of wildlife,
ending deforestation, protecting intact ecosystems,
educating people about the risks of consuming wild-
life, changing the way we produce food, phasing out
fossil fuels, and transitioning to a circular economy:
These are the things we can and must do.

Even if it’s just for selfish reasons—for our own
survival—now more than ever, we need the wild.
A healthy natural world is our best antivirus. O

NATURE

Renowned ecologist and oceanographer Enric Sala
is an explorer-in-residence at the National
Geographic Society. This essay is drawn from his
book The Nature of Nature: Why We Need

the Wild, with a foreword by the Prince of Wales
and an introduction by biologist E.O. Wilson.

OF

NATURFE

Fidear Wi Neosl By 1V iled

ENRICSALA




Injust 28 days.

Purina ONE"can make a healthy eye-opening difference
through powerful combinations of natural ingredients
with added vitamins, minerals and nutrients.

ONE visibly healthy pet.

Take the 28-Day Challenge
at ONE28DayChallenge.com TENDER SELECTS BLEND

@ PURINA/| Your Pet, Our Passion:




CORONAVIRUS TOOL KIT

SCRUTINIZING VIRUSES

20 NATIONAL GEOGRAPHIC



1. Microcentrifuge tubes
Microbes and liquid
suspensions can be
isolated in these vessels.
2. 20-to-50-microliter
pipette

3.100-to0-1,000-
microliter pipette
Different sizes of

these devices are used
to precisely deliver a
consistent volume of
material throughout an
experiment or procedure.
4. Automatic
multichannel pipette

Used with microplates
(No. 10), it dispenses the
3 ' | exact volume-ofiiquid®
m— IS s T through eight channets
) oL at once withaa single push.
. '~ %L Filtered pipette’ -
. | tiprack
Internal filters are
meant to keep infectious
S aerosols fromicontami-
3 L~ | nating the pipette shaft
_ . during disp@nsing.
6. Sterile culture swab
Specimens collected
with this are transferred
to tubes (No. 9) that
contain media.
7. Test tube rack
Tubes of various sizes are
stored here.
8. Liquid culture medium
Scientists use this to sup-
port cells’ life and growth.
9. Specimen
collection tubes
These are designed to

PHOTOGRAPH BY LASZLO VEGH

LABORATORIES LIKE THIs “high containment” facility are used

to safely handle infectious agents. Whether detecting pathogens protect the integrity of
and diagnosing diseases or unraveling the molecular structure of samples and eliminate
microbes, scientists use specialized tools with great care. This lab, the risk of spillage.

at the Szent4gothai Research Center at Hungary’s University of Lok et T el

A . . : e The wells function like small
Pécs, is rated at a high biosafety level, meaning that transmission wems Tneton U
test tubes for titration—

of mlcrobes handled here can cause serious or deadly dl’sease. e I, eesuing €
This work space is photographed through a technician’s face eEEr T e GRS G
shield and past its respirator mask valve. —-TAMAS VITRAY, JR. antibodies in a sample.
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CORONAVIRUS SPECIAL REPORT

FLATTENING THE CURVE

Citiesin the United Statesuseda  20{
wide range of interventions to try

to contain the 1918 pandemic—from 9
closing schools and banning public
gatherings to enforcing isolation

and quarantine. Each city shown [b0
here adopted at least one measure.

100

Philadelphia waited eight days after

the city’s death rate began to take 50
off before banning gatherings and

closing schools—and suffered the

highest peak weekly death rate. 0
100
100
Pittsburgh
A0 807
0
24 WEEKS
Pittsburgh had the highest mortality rate
over the 24-week period. Not only did it
delay measures by seven days, it also
staggered instead of combining them.
160
100
New York City
(0 452
0
24 WEEKS

New York City began quarantine measures
early—11 days before the death rate spiked.
The metropolis had the lowest overall death
rate on the eastern seaboard.

22 NATIONAL GEOGRAPHIC

DEATHS PER WEEK PER 100,000

Schools closure

—— Duration of . :
social distancing . Public gathering ban
s == . Isolation/quarantine
Weekly deaths Z .
per 100,000 Combined measures
people

Philadelphia
748 Deaths per

100,000 after

24 weeks
8  WEEKS 16 24
100
100
San Francisco
B0 673
: 7
24 WEEKS
San Francisco experienced a second
wave of deaths after relaxing the social
distancing measures that had initially
curbed the disease.
100
100

St. Louis

24 WEEKS

St. Louis had strong distancing measures and
a low total death rate. The city successfully
delayed its peak in deaths, but faced a sharp
increase when restrictions were relaxed.



THE 1918 INFLUENZA PANDEMIC—ALSO KNOWN AS THE SPANISH FLU-
wreaked havoc into 1920 and earned the dubious honor of being the
deadliest pandemic in recorded history. In 2020, as many parts of the
world grind to a halt in response to the coronavirus, experts have turned
to this century-old outbreak for clues. The efforts made back then to
stem the flu’s spread in cities across America, and the outcomes—some

grim, some inspiring—continue to offer lessons for today.

BY RILEY D. CHAMPINE AND DIANA MARQUES

The time of implementation Duration of all social
and duration of social distancing © LT LIEE: e
measures proved to be significant Weekly deaths
factorsin a city’s mortality rate. per 100,00
Deaths
per 100,00
Later and spikier after 24
— weeks
Cities that ordered measures later and 807 748 734
for shorter periods tended to have spikes
in deaths and higher overall death rates.
Pittshurgh Philadelphia New Orleans
Lﬁ M I 631 621 610 608
Boston San Francisco Denver Fall River, Mass. Nashville, Tenn. Washington, D.C.
_/l'/\"iq—z. J/j .l.""-""--~---574 % = N
Birmingham, Ala. ~ New Haven, Conn. ~ Kansas Gity, Mo. Providence, R.. Baltimore Omaha, Nebr.
Sooner and flatter
Cities that ordered measures sooner and 494 482 474
for longer periods usually slowed infec- —.L L
tions and lowered overall death rates. .“ >
Los Angeles Spokane, Wash. Cleveland
.-:i 451 414 l 410 l 406 I 373
New York City Gincinnati Seattle Dayton, Ohio Louisville, Ky. Chicago
359 359 358 312 290 267
Rochester, N.. Milwaukee St. Louis Columbus, Ohio Indianapolis Minneapolis

SOURCES: HOWARD MARKEL AND J. ALEXANDER NAVARRO, CENTER FOR THE HISTORY OF MEDICINE, UNIVERSITY OF MICHIGAN



IN THIS SECTION

Fossil Footprints
E X P L o R E Flamingo Pals
How Eels Shock
Odd Turtle Traits

ILLUMINATING THE MYSTERIES—AND WONDERS—ALL AROUND US EVERY DAY

NATIONAL GEOGRAPHIC VOL. 238 NO. 3

-

f ", !
Ly i L

4 Lol TR
ay -.3 ﬂ\'?.!th_..l‘} £
| | ﬁf‘(z .

X o 1 L

o
- L e l‘“-.

3

-

N
A

This bundle of about
600 fruit fly neurons,
colored for contrast,
allows a fly to integrate
and act on information
that its senses gather.
Scientists from the Jan-
elia Research Campus
and Google have so far

mapped about a third
A BRAIN CIRCUITRY MAP | s enioco

nerve cells that form

some 20 million connec-

tions. The ultimate goal:

To map the whole brain
——

CAPTURED

and key nerves, to learn
more about how the
organ’s areas are linked.
— THERESA MACHEMER

IMAGE: HOWARD HUGHES MEDICAL INSTITUTE'S JANELIA RESEARCH CAMPUS; GOOGLE; AND WELLCOME TRUST
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EXPLORE

BREAKTHROUGHS

DISPATCHES J—
FROM THE FRONT LINES
OF SCIENCE
AND INNOVATION

PALEOANTHROPOLOGY

WALRING BACK IN TIME,
[N A VOLGANO'S SHADOW

A TANZANIAN VILLAGER HAS DISCOVERED A
TREASURE TROVE OF ANCIENT FOOTPRINTS.

NINE MILES NoRTH of the volcano called Ol Doinyo Lengai,
which means “mountain of God,” researchers funded by the
National Geographic Society have cataloged a rare find: more
than 400 fossil footprints (above) laid down by humans who
walked and jogged across mudflats 10,000 to 19,000 years ago.
Discovered along the shore of Tanzania’s Lake Natron by local
villager Kongo Sakkae, the Engare Sero site lets scientists “really
start to see social behavioral patterns in our Homo sapiens ances-
tors,” says team leader Cynthia Liutkus-Pierce, a geologist at
Appalachian State University. One set of tracks reveals 17 people
walking toward the southwest, 14 of whom were probably adult
women. That suggests a female-led foraging party, a division of
labor used by some modern hunter-gatherers. To save Engare
Sero’s trackways from erosion, researchers have 3D-scanned
them and are partnering with local officials to build a protective
enclosure and workstation. In the meantime, Sakkae walks to
Engare Sero from his village every day at sunrise, keeping a
watchful eye on the footprints he found. -micHAEL GRESHKO

PHOTOS (FROM TOP): DANIEL KRONAUER; ROBERT CLARK; ROY TOFT

This army ant bears a beetle behind
When colonies of hundreds of thousands
of army ants go on the march, with them
go symbionts that sponge off the army’s
Fesources—and members. One symbiont
found in Costa Rica was hiding in plain
sight: a beetle that clamps its mandibles
around the ant’s middle and rides along,
looking like a double-vision version of
A the ant's backside. —PATRICIA EDMONDS

ANIMAL BEHAVIOR

Flamingos

make friends
The avian world’s
pink-featheredicons
form long-lasting,
loyal friendships,
scientists recently
discovered. The
flamingo bonds
vary, from mated
couples that build
nests and raise
chicks each year to
same-sex friends or
groups of three to
six close buddies.
The relationships,
characterized by
standing close
together, may

last decades. Like
humans, flamingos
befriend those they
get along with and
avoid those that
cause squabbles.

—VIRGINIA MORELL




CELEBRATING AMERICA IN ALL ITS GLORY, ocmc g - PHOTOGRAPHS
this inspiring collection of photography includes more
than 250 National Geographic images from across the
United States. From New York’s Empire State Building
and Washington’s Mount Rainier to the coral reefs of
American Samoa and the sprawling badlands of North
Dakota, this majestic book features both the iconic
and hidden gems of our beautiful country. Thisis a
treasury for every American coffee table.
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SHUCKING BERAVIOR

Electric eels—the strongest bioelectricity

generators among all animals—are therare

type of fish that use their electrical fields A
not just for communication and navigation SW"Mming,,,uS )
but also for hunting and defense. A volley <L "
of their high-voltage charges can last up
to three seconds, paralyzing prey.

BY DIANA MARQUES

CELLULAR CIRCUITRY

Thousands of excitable cells called
electrocytes make up the eel’s electric
organs. When activated, gated sodium
channels in the electrocytes’ membranes
open. An incoming flow of ions then
polarizes the eel’s skin and creates an
electrostatic field in the water around
it. The voltage one electric eel can
generate is the sum of all the small
charges produced by the electrocytes.

Electrocyte Insulating
tissue

Extracellular
space

Current flows from head to tail. Scientists
Q @ are still unsure why eels take on a wavy
shape when discharging high voltages.

TOP CHARGERS

Once believed to be solitary animals,
Volta’s eels have recently been observed
living and hunting in groups of up to a hun-
dred individuals. Their collective hunting
strategy and high discharge helps them
overwhelm active shoals of small prey.
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Eal
Resting as a group

Eels rest at the bottom of lakes most of the day
and night. They communicate through low-voltage
discharges emitted by some of their electric organs.
-
Sachs's and posterior -
part of Hunter's -
organs are active.



All three electric eel species are found in tropical South America.
Electrophorus varii evolved in lowland waters that were murky,
slow flowing, and mineral-rich. E. electricus and E. voltai adapted
A Az O N Eel sampld to highland rivers where water is clear and mineral-deprived.
Some experts believe that E. electricus and E. voltai split as

o species when the Amazon changed to its modern course.
B—A" SAI{N

S} 7.1 million years ago Electrophorus varii
& 3.6 mya E. electricus
o E. voltai

When it comes to electricity generation, Volta’s eels
(E. voltai), depicted here, reign supreme. Their charge
can be seven times stronger than a wall socket'’s.

— @} 120V

480V

SYZA%

860V

Three electric organs take up 80 percent of the body.

Sachs's electricorgan ~ Main
[ |

All vital organs are i
confined to this small i

area behind the head. Hunter's Max. length: 8 ft

Pores in the head and
body have receptors that x
detect electrostatic fields. =

oy

Respiratory organ

The eel captures 80 percent of
needed oxygen when surfacing

Excretory and every five to 10 minutes; water
reproductive openings provides the rest.
Y EX BN
e i - T—_—
b ol ..::—: n"; -~
- »
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All electric organs —
are engaged.
Moving at dawn and dusk The electric feast
Twice a day, when light intensity is low, Eels herd thousands of small fish into a prey ball
eels start swimming near the surface. and take turns zapping them. Stunned fish fly up,
They migrate to a shallow hunting area. fall back into the water, and get swallowed alive.

SOURCES: DAVID SANTANA, SMITHSONIAN INSTITUTION; DOUGLAS BASTOS, INPA; PHILIP STODDARD, FLORIDA INTERNATIONAL UNIVERSITY
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She helps Indigenous
people protect the
‘magic’ of their lands.

When Bolivian conservation biologist
Erika Cuéllar Soto saw the sun rise over
the Gran Chaco for the first time, in
1997, she knew she was somewhere
special. “The Gran Chaco is magic,”
she says. “I woke up and walked outside
my tent, and tracks were everywhere.”
Wildlife abounds in the Gran Chaco,
alowland forest spanning the borders
of Bolivia, Paraguay, Argentina, and
Brazil. The semiarid, sparsely popu-
lated region has long been a refuge for
jaguars, armadillos, giant anteaters,
and guanacos, the dust-colored cous-
ins of the llama. But in the past few
decades, large swaths of its woodlands
have been destroyed to make way for
crops, ranches, and natural gas wells,
and native species are struggling to
maintain their foothold.

To preserve the Gran Chaco, Cuéllar
has recruited Indigenous residents to
be “parabiologists.” They’re like para-
medics, she says, but for ecosystems.
Cuéllar’s training program helps Gran
Chaco locals develop skills they can
use as professional conservation biol-
ogists. “For me, there is no other way
to achieve long-term conservation,” she
says. While sustainably earning a living,
the parabiologists benefit their commu-
nities by managing fires and controlled
burns, monitoring biodiversity, creat-
ing a reserve to protect guanacos—and
teaching what they know.

“We are losing the knowledge of
people that are really connected with
nature,” Cuéllar says. “You can’t get
that knowledge from the university.” O
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Can a Giny hee

save a giant

In the heart of Mozambique, at the edge
of the Great AFrican Rift Valley, you'll
Find the Gorongosa National Park.

A vast expanse of rainforest,
grasslands, rivers, and some
of the most amazing wildlife
on Earcth.

IP you could go back in Gime
a Pew years, you'd see many
elephants roaming around
Gorongosa. Back in 1972,
there were 2,500 of them.

Then the Mozambican civil
war struck

The Fifteen Years, Four Months,
and Four Days War.

The elephants suffered terribly,
hunted Por their ivory so people
could sell it to buy arms and
supplies. By the end of the war,
Fewer than 200 elephants
remained.

Traumatized, and with notoriously
long memories, these elephant

survivors don’t trust people very
much. With about 170,000 people
living in and around Gorongosa,

that can be a problem.

You Ery stopping
a hungry elephant.

Most people in
Gorongosa eat
what they can
grow on the
ground, so if
something
goes wrong
with their crops,
they don’t eat.

And things do go wrong.
An infestation. A storm. A drought.

Or a group of hungry elephants
with PTSD, looking for potatoes at
night. Hungry elephants weary of
people encounter hungry people
weary of elephants. The people
push, the elephants push back.
Both sides get hurt, sometimes
badly.

elephunl:?

To the rescue:
a young woman,
a great idea,

and... bees.

Enter young
Mozambican ecologist
Dominique Goncalves.

She works at the Gorongosa National
Park, managing the Elephant Ecology
Project. She is also a National
Geographic Fellow and Explorer,
and she knows elephants very
well. She even knows about a little
phobia of theirs.

I6 Gurns out elephants are petriFied
of bees.

She strung a necwork of ropes
along the boundaries of the crops.
And hanging From the ropes...
beehives. Elephants looking For
Food rattle the ropes, which
really riles the bees. The sight
and sound of the swarming bees
makes the elephants Flee before
anyone gets hurt.

Now the villages are protected,
the crops don’t get ruined, and
people don’t have to resort to
hurting the elephants to safe-
guard their Food supply.

And there’s an extra benefrit:
the locals now have honey to
eat and sell.

We’re more creative together.

A genially simple idea, at the cost
oFf a Pew occasionally annoyed
bees. That’s what happens when
the power of creativiby meets

a dedicated person’s love For
the planet.

We at the LEGO Group love
stories like these. We want
to keep reading them, and
we want to keep helping to
make them happen.

We know that creativity is an
incredible skill, and the 21st
century needs as much of it as

it can get. We also know that
building wich LEGO® bricks helps
kids begin to think creatively
about the world, and we’re always
on the lookout For new ways to
spark their imagination.

That’s why LEGO® City and LEGO®
Friends are now proud contribu-
tors to the National Geographic
Society Explorer Grants. So we
can help inspire the world explorers
and creative problem-solvers of
tomorrow, starting right now.

Arter all, if a lictle bee can make
such a big difference, just imagine
what a child with a big idea might
achieve some day.

Creative ideas

make the

world a better
place.
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The Celebrity
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ALMOST EVERYBODY LOVES
PANDAS. AFTER A YEAR
DOCUMENTING A NEWBORN CUB,
A PHOTOGRAPHER REMEMBERS
WHEN SHE DID TOO.

STORY AND PHOTOGRAPHS
BY REBECCA HALE

IN ALMOST EVERY PHOTO from our 1986 family
vacation to Washington, D.C., I am showing off the
souvenir I picked out from the gift shop at the Smith-
sonian’s National Zoo—a white, oversize, cotton
sweatshirt with puff-paint pandas dancing on the
front. Iwas nine years old, and pandas were cool. Not
even midsummer heat could deter me from keeping
that sweatshirt on throughout the trip.

I remember very little from the vacation, aside
from the thrill of being at the zoo and seeing the
giant pandas, Ling-Ling and Hsing-Hsing—star
attractions on the tourist circuit. The following year
Ling-Ling gave birth to twin cubs. The babies didn’t
survive, but I don’t remember learning that as a kid.

Nearly 30 years later I found myself in the midst
of a pool of photojournalists and video crews packed
into the panda enclosure. A small cub named Bei
Bei was being presented to the world, and I was
covering it for National Geographic. The closest
I'd come to photographing a subject that generated
this level of frenzied enthusiasm was when Ange-
lina Jolie visited the National Geographic Society
headquarters for an event.

I confess that my childhood love of pandas
hadn’t lasted. I lived in D.C. by then. The pandas
were just another item to mark off the tourist check-
list, and photographing a new cub was part of my
job. But I also had children, and, as most parents
in the Washington area do, I'd take them regularly
to the National Zoo.

I would join the throngs of residents and visitors
pushing strollers up the never ending hill that winds
through the grounds. By the time we reached the
panda enclosure, my kids would inevitably be hot
and thirsty, and sometimes crying. I would struggle
to point out to my four-year-old just where to look,
over the crowds also eager to catch a glimpse of the
iconic black-and-white bears. Our visits left me com-
pletely drained. Though I was proud of the zoo in my
adopted city, I found myself suggesting that we save
future trips for visiting grandparents.

But in 2015, Bei Bei was born to Mei Xiang, and
panda frenzy took over Washington. My editor asked
me to document the cub’s debut. As I'm a studio
photographer at National Geographic, it isn’t unusual
for me to cover subject